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The performance of a 22’-iI10h-di~terpulse-Jet engine using
a set of low-J.oQermdlfled air valves was deteminod in thrust-
stand tests at rem pressures equivalent to simulated flight speeds
of O to 330 m’ile~per hour and for a rmge of fuel-air ratios at
each simulated flight sp-~ed. The rssulte of these teste exe cam-
pared wlt.htests of the etandez% pulse-Jet engine.

In general.,the modified e.nghe showed an improvement in per-
fomnence only at low simulated flight speeds. The predicted flight
thrust at high eti:~latedfli@t epeeds was slightly lower than that
for the stan&rd engine, and the specific fuel consumption was
higher. Frcm the results of theee tests, it appears that only a
negligible change In.the over-all performance of the engine can be
~ected frcaulow-loss valves.

lNTllODucTIoN

At the request of the Bureau of Aeronautics, Navy Department,
and the Air Mhterlel Codqe.nd,Army Air Forces, the ?lACAhae under-
taken a study of methods of increasing the pomr and the efficiency
of the pulse-~et Gnglne. The nonreturn air va17es in the engine
have been found to have relatively high losses and it was tberefozw
decided to Investigate the possibilities of a low-loss valve to
_ve the perfozmance of this engine. Valves with maucea losses
as compared with the standard valves should permit the flow of lerger
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masses of cherge air, which wmld result
densities at the start of conibastionand
sums. The hi@er peak pressures should
both the power and the efficiency of the

An Inveattgatlon of vszlous types of
an apparatus that tested a small section

in higher cmbustion-chember
higher peak combustion pros-
reault in an Inorease In
engine. (See referenoe 1.)

alc valve was conductetiIn
of a pulse- or intelmlttent-

Jet engine valve grid (referenw 2) and a low-loss valve was devoloTt+
that could be substituted fm the standard valveJwithout further alt(m-
ation to the engine.

The perfonnanoe of a 22-inoh-dimeter pulse-Jet engine with the
low-loss modified air valves wae determined by thrust-stand tests at
the NACA Cleveland Iahoratory lzzMn~ 1945. The results of the teats
at simulated flight velocities varyl~ from O to 330 miles per hour
and a rauge of fuel flows are compared with the tests of the standex’d
enghe reported in referenoe 3.

.

DESCRlP13XM OF KXi-JXX3SMOJXD?IEDV..

The low-loss modified air valve for tlirect application to the
pulse-~et engine grid and the standard valve are shown in figure 1.
The modified valve consists of tm Fieces of Ulum sp%~ng steel fastensd
together by rivete. Tineval~e sprlug ie 0.006 izch taick and the valve
body is 0.015 Inch thick. The O .006-inch spring is so preformed that
the valve In the nozmal position fits the contour of the grid. Because
the valve spring and bo@ are lapped with the spring beneath, a gap
0.006 Inch high exiets initially between the valve and the grid con-
tour h the closed position. This gap is decreased by operation
because the O .006-inch spring material cuts into the soft alum3num-
alloy grid, thereby reduoIng any leakage. The general Mnmnsions
of the modified valve are the same ae the standard valve and the
modifled valve can be installed without alteration to tho &.-idor the
support plates. The natural frequency of the standard valve Is
approxlmate~ 125 cycles per second; whereas that of the modified
valve is 55 cyclee peltsecond.

T2ST I?ROCEUUR3

The standard VSJ.VOSin a grid asseriblywere replaced by a set
of the modifled valvee ati the modified grid WEIsmounted in a stand-
ard engine ehelJ. Details of the thrust-stand installation of the
pulse-$et engine and the testing procedure are fulJy described in
referenoe 3.

I
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For normal operation the engine was started by maintaining a
gage ~essure of 20 Inohpe of water in the surge ~ UPstre= of .
the engine and turning on the fuel and the spark. h the first
four rune listed in table 1, starting was attempted with mrge-
tank preesures decreasing frcnu20 to 10 inohes of water. b eaoh
case above a staxting pressure of .10 inches of water, the burning
was essentia13.ysteady. h the rest OE the tests ruu by starting
with a pressure of 10 i@~ea of water, the unit cycled euooessflillly.

ZEST RESULT9

In order to proviti a direct ccsnpexlson,the results of the
modified engine tests ~e plotted witn the performance curves for
the standard unit taken frcm the data in referenoe 3.

~bustlon-.air weight flow.-——. — - The pulee-jet engine with the
modified valves was first tssted with a steady flow of air. The
pressure in the large surge tauk upstream of the engime was set
and the corresponding flow through the unit %~a measured by an
orifice upstream of the surge tcxdr. Yhe cvrves of variation in air
flow with upstream surge-tank pressure for the etsndard and modifled
engines are shown in figure 2. For the sme upstream preseure, the
modified unit permitted a flow of about 4.5 pouuis of air per second
more than the standard unit.

The veriation in combustion-alr weight flow with fuel-air ratio
dur~ aotual operation for severul.simuiated flight speeds is shown
in figure 3. At lean fuel-air re,tice,the air flow for the modified
unit was greater then that of the standard engine but approached
that of the standard engine at high fuel-air ratios.

Fliaht thrust. - Predicted flight thrust is shown in figure 4
as a funotion of fuel-air ratio for several simulated flight speeds.
The static thrust is approximately 14 peroent greater for the modified
engine than for the standard engine. At low fllght speeds the modi-
fied valvee would penuit engine operation at lower fuel-air ratios
_ the standard valves. At a speed of 190 miles per hour, the
thrust appenred to be approxhately the eeme In either engine. At
speeds of 280 end 340 miles per hour and a fuel-air ratio of 0.070,
& thrust of the modified engine was slightly lower than that of
the standard engine.

~~m ccmbuetion-chemberPreusure. - Peak canbustlon-chdber
Pressure as a funotion of fuel-air ratio for a range of simulated
flight speeds is shown in figure 5. Data at speeds of O and 190 miles
per hour for the standard engine wmm not available for comparison.
‘Thepeak pressure of the modified engine appeared to be slightly higher
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than that for the stahdard engine at speeds of 280 sad 340 ties per
hour and at a fuel-air ratio of 0.070. A C01U@l?ir3011of-the @otS.of
peak pressure and t@ust for the test points of the modified euglne
Indicated that these pe.rsmders varied in a dmilar manner with fuel-
* ratio afi flight 8pw3. Altiiough the peak wassure for the modi-
fied unit appeared to be somewhat higher than that for the standard
unit, the flight @rust at high speeds waa lower. This anumaly ~
have been due to small errors in each set of measurements that did nut
compensate each other.

Specific fuel consvmptlon. - The power speciffcfuel consuqp-tilon—— .“
end thrust specific fuel conswnption are shown in figure 6. The power
specific fuel consmnptioa for the modified engine was roughly the sen
as for the standeml engine at a simulated flight speed of 190 miles
per hour”at fuel-air ratios aboTe 0.070 but became greater at the
higher speeds. The thrust specific fuel comxmptlon for the modifies
engine vaO lower than that for the standard englr:.eat a simulated
flight speed of O miles per hour, approximately the ssme at 180 miles
per hour, end greater at the higher speeds of 2.50 ana 340 miles per
hour.

.

Preesure cycle. - No chenge in cycle frequency was notOd with
the change~n valves. Photographs of the pressure cycle are shown
in figure 7 for several simulated flight speeds and fuel-alr ratios.
Photographs of the presswe cycle for the standard engine are given .
in reference 3. b general, the shape of the crcle was the same for
both engines and no difference cozibibe noted.in the th required
for v=ious cycle events, such as Induction of air, pressure rise,
and expansion.

Valve life. - The life of the modified valves was considerably——
shorter than the life of the standard valves. After test run 9
(tible 1)J the valve grid assembly was removed W exaudned. Two
valves had separated, with the 0.015-inch pieces flyi~ out the rear.

Approximately 7 percent of the valves were replaced @er # minutes

of operation because they appeared about to split or fray. The engiIM

with the repaired grid wa8 run for an additional ~mlnutes at the

hi@ simulated flight speeds and the grid was again removed. Ons
valve had soperated and 50 percent of the valves were In various
st~es of fraying, ~ing frcm incipient fraying to the loss of as
much as half of the valve body. Photographs of the grid after the
high-flight-speed runs are shown in figure 8. The valve deteriora-
tion appears to be greater at high simulated flight speeds than at
the low flight speeds. With a aifferent thickness, vlth a different
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body material.than sprhg steel, or with the lmpaot absorbed by a
mibstance such as rubber, the life of the.modified veJve might Pot3-

.,.giblyhe considerably. increased’. . ----- - - - --. . .

On the perfo?mmnce curves it can be seen that one of @e res~ts
of’the low-loss valve was to reduce the effect of fuel-air.ratio oIl
thq variables, such as ccnibusticn-airweight flow, thrust, and power
and thrust specific fuel consumption; that Is, the performance curves
for the modified engine are flatter then those for the standard engire.

In general.,an Iqprwement in power and thrust specific fuel
conmmptlons with 10W-IOSS vnlvee se- possible at low flight veloc-
ities but, at higher velocities, thie Improvement so Mmlnlshes that
the over-all.effect on the performance is ne@L@.bl.e.

The total.air flow taken into the en@ne In one cycle may be
divided into three parte: that taken In during the period in which
the valve is opening, that taken in while the valve 1s fully open,
and that entering while the valve 1s closing. The loss in total
preesure occurring In any of Lhese periods will be a function of the
mass flow entering during that period and the flow losses per unit
mass flow. The total loss for the intake portion of the cycle 1s,
then, the sum of the three individual lessee.

The flow lees in a valve of the type used In the pulse-Jet
engineJ aside frcunthat resulting from the grid-support structure~
is a function of the valve position, which affects the contraction
of the fluid Jet through the valve. For two eiuilar valves, such
aS the standard and modified vaJ.ves,operat~ under identical condi-
tions, the total.loss for the period during which the valve is opening
Is proportional to the time required for opening. Because the mod.l-
fled valve ie less stiff and therefcme opens more quickly, the loss
for thle valve should be tier in the opening period.

For the period In which the valve is fully open, the flow losses
in the two Valves should be the same. A visual inspection of the
side of the valve e~osed to the combustion chamber indicated that
both valves opened fully and hit the upper support plate.

W %he last portion of the intake cycle, because the valves close
very rapidly (as evide~ed by the fraying) and the pressure M the
cabustion chamber Is rising, the air entering may be asswned to be
only a very smell percentage of the total air intake. Consequently,

“ the loss occurring durlpg this period may be.neglected.
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At low Yli&t speeds, the valves do ‘not open until the combustion-
chamber pressure hae failen below the free-stream static pressure;
whereas at high fLight 6peeds, +&e valves will open when the ccwibustiau-
chauiberpressure falls beluw ram pressure. The valves will therefore
open earlier in the cycle at hi@ speeds, as cmrpered with the cyc2e
at low speeds, The time required to open the valve at high flight
speeds will be a smaller percentage of the total time for air intake
smd a smalJ.erpercentage of the tohl mass flow eaters while the valve
is opeuing. hasmch as the effect of a 10W-1OCS valve 1s noted oIIJy
during the perid when the valve Is opentng, the over-all effect d
reduced losses in this perfud becomes smaller as the flight velocity
is increased.

C@LNCLODiTiGR~

Coqxz-ison of the perforu~~e of a 22-inch-disrusterpulse-set engine
with stsmlard va2.vessmd with modified lcw-l~ss valves at rem pressures
equivalent to fllght velocities of O to 330 miles per hour and for a
range of fuel-air ratios at e~ch siumlatet flight spe~d shows that the
modification resulted in cnly a ~e@lg3ble cha~qe in the over-all per-
formance of the engine., Qualltative~v, the chang9s were as follows
for the various performance parameters: Predicted fli~ht thrust was
higher for the modified engine Lhan for the standard e@.ne at low
speeds and slightly lowe~ at high speeds. Combustion-air weight flow
and peak combustion-chamberpressures were generally slightly higher
for the modified unit. The power and the thriistspecifis fuel consumption
were hi@er for the m@ified unit, except at low velocities. The life
of the modified valve was considerably.shorterthan that of the stird
valve.

Aircraft Engine Research Laboratory,
National Advisory Committee fen?Aeronautics,

Cleveland, Ohio.
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TABLE 1. - PERFORMANCE OF 22-INCH-DIAMETER PULSE-JET ENGINE WITH MODIFIED VALVES

r

Run Surge-Fuel Puel- Atmos- Combus-” Combus- Fuel - Test Effec- Pre- Fre- Maximum Mlnlmum Total
tank flow nozzle pheric tion-air tion-alr air thrust tive dieted quency c ombus - combus- time
pres- (lb/ pres- pres- temper- weight ratio (lb) jet flight (Cps) tion tion at end
sure hr) sure sure ature l-low
(in.

veloc- thrust pres-
(lb/ (in. Hg (°F) (1 b/hr )

pres- of run
ity (lb) sure sure (rein)

water ) sq in. abso- (ft/ (in. !ig :::; ~Hg
gage ) lute) sec ) gage )

al 19.4 2200 29 29.08 67 15,500 0.149 36 279 0
a2 19.3 1800 19 29.08 67 15,120 .120 32 261 0 1.6
a3 19.4 2000 20 29.08 66 16,920 .120 32 238 0
a4 19.5 1500 15 I 29.08 66 15,500 .100 36 282 0 2.7

5 18.8 1500 15 29.08 68 27,300 .056 457 1988 396 40 21.0 -7.4
6 18.2 2000 22 29.08 67 29,160 .069 627 2522 563 40 28.6 -7.6 4.4
7 2.8 1400 14 29.08 64 22,320 .063 401 2106 384 40 16.0 -7.0 5.1

-2.5 1700 18 29.08 65 24,500 .069 477 2284 482
b;

40 23.1 -8.0
-4.5 2100 25 29.08 66 25,560 .082 562 2578 568 40 27.8 -7.4 6.4

10 36.3 2000 20 29.39 34,920 .057 604 2039 494 41 30.5 -- -- - - -

11 34.7 2500 30- ;::%;, ; 34,320 , .072 788 2650 681 40 45.8 ------- 1.65
12 19.2 2400 28 30,600 ; .078 I 711 2724 656 40 37.6 ------- 2.5
13 !55.42300 27 29.39 ‘ 75 40,320 I .057 722 2~~4 564 41 43.6
14

-------
53.7 2800 40 29.39 72 40,320 .069 884 2578 728 40 55.8 ------- 4.15

aufit not cycling;starting ram pressures too high. NATIONAL ADVISORY

b~~er thisrw, grid repaired and replaced. COMMITTEE FOR AERONAUTICS’
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f al Photographs of standard valve ( left) and low-loss
modif~ed valve (right).

NACA
c. 14743
4-16.46

0.0/’5wblue spring steel

(bJ Sketches of cross section of standard valve ( left) and
low-loss modified valve {rightl.

Figure 1. - Photographs and sketches of standard valve

and low-loss modified valve for 22-inch-diameter pulse-

jet engine.
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Figure 3, - Variation of combustion-air weight flow with fuel-ai r ratio for several simu-

Iated ai rspeeds. Test data for modified pulse-jet engine spotted on performance curves for G
standard engine.
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Figure 4. - Variation of predicted flight thrust with fuel-air ratio for several simulated

flight speeds. Test data for modified pulse-jet engine spotted on performance curves for
standard engine.
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t Igure .- Varla~lon In peak combustion-chamber pressure with fuel-air ratio for
several simulated flight speeds. Test data for modified pulse-jet engine spotted on

performance curves for standard engine.
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(a) Power specific fuel consumption.

Figure 6. - Variation of specific fuel consumption with fuel-air ratio for several sim-

ulated flight speeds. Test data for modified pulse-jet engine spotted on performance

curves for standard engine.

I

I



n

-5.00

.
c
o

v.-

1-

3.00

I NAT 10NAL ADVISORY
CdMMITTEE FOR AERONAUTICS I I I I I I I I I <Imlf!=tadflinh+ cnoml I

“.... ”.-.-.. ,, ,3.,.- ~“--

of modified engine
( mph )

tl

27o
simulated flight speed ; 330

(mph )

I 90

0

340’

280

\
\

m

-

.050 .060 . 070 . 080 . 090

Fuel-air ratio
(b) Thrust specific fuel consumption.

z
o
.

Figure 6. - Conciuded. Variation of specific fuei consumption with fuel-air ratio for m
severai simulated fright speeds. Test data for modified puise-jet engine spotted on ~
performance curves for standard engine.
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28.4 lb/sq in.
28.0 Ib/sq in.

Atmospheric Atmospheric

10.7 lb/sq i~ 10.6 lb/sq in

Simulated flight speed, O Simulated flight speed, igo
miles per hour; fuel-air miies per hour; fue i-air
ratio, 0.082. ratio, 0.069.

Simulated fright speed, 270 Simulated flight speed, 330
miles per hour; fuei-air miles per hour; fuel-air

ratio, 0.072. ratio, 0.069.
NACA

C- i4742
4- 16*46

Figure 7. - Photographs of oscilloscope trace of pressure
cycle for pulse-jet engine with modified valves.



m

Figure 8. - Photograph of modified valve grid after repair and operation for 4 minutes
~

at high simulated flight speeds.
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